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Abstract 



PROBLEM TO BE SOLVED: To provide a lighting circuit capable of making a constant current flow through 
light emitting diodes and the value of the current correctly and easily, 

SOLUTION: A constant current circuit 2 is connected in series with a light emitting unit 3 consisting of light 
emitting diodes LED1 1 to LED1 n. The DC power is supplied from a converter circuit 1 to the series circuit of 
the light emitting unit 3 and the constant current circuit 2 while controlling its output voltage so that the voltage 
across terminals of the circuit 2 becomes constant. In constitution like this, a current i passing through the unit 
3 and the circuit 2 Is held at a constant value by the current stabilizing action of the inside of the circuit 2. As a 
result, the current passing through the unit 3 is hardly affected by ripples of the output voltage of the circuit 1 
and ambient temperatures as compared with a case that a resistance R1 is used. 
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10 0 0 1] 
[0 0 0 2] 

^fcffKt±m«E©:*:t$lc«c?^1-S, c:©fc«), le^fcy-f 

2r-H?&^S85IKl!;1-5<t^«Jl8$nfc;S;l:T15ISS©. 
*o-«»l©ia8SEIS^bfc, ia7C^-riilES0:tAT©J; 

#t*&^ (Vin) {c^^u^ f=-3-^3^';i/L l©ftbJg 
&NPNa©>^'f >;/5^>i^h7>i?;^<J'Q l©nL'i'iJ' 

C^J^-fsf-KD l®Ty-K*iti^b. y^';t-KDl 
©*y-K*3>7^>-y-C 1 &:frbT^/7> K{cg!^-r 

•So 

[0 0 0 3] X>r «y^>^^h7>i?;^^J'Q l©Ji^ ♦v^J' 

> K tciggg b. '^-^^ ^mmmm'D r 1 {cg^^g-r 

m 1 ©A;^7«!l(±»ip«EiiSV r « ifetfr bT^^ > KJc 
mmt^o C©5^3-i'rj-Y;i/H. J^-Y >yf^><7h^ 
>i^X<5'Ql. ^'r;t-HDl. n>7=>itCl. MM 
[ll^DRU ^llti*il§EAl:fcJ;tFSip«EjgV 
x-«fK:J:?)3W?-^llE&l aAs^fiK$n-t:v%5. 

^zL-y h 3 hffitrtR 1 Sn>>»^— ^J'HSSl a©n>5= 

h 3 hffitrCR 1 ®g^M;SS^ISiitillE A 1 © 20ifc S 
A;b^l!l©a -fe©^ 2 ©A;^ffly{cigJ§|-r S. 

[0 0 0 4] w±©j;a«:fiij5)c©[Hiss-etts ^t-r^ 

•y^>i' h ^ >i';^:5' Q 1 AS$iJ»[i8SD R 1 *»?,Offil!i 

tt^«Ci|Ej^lbfeB#, 5^3-^'3'f;i/L l{C3ffie«EAs% 
A:*j«EViNi:iS»ieSECJ;5SEffi©flSv^-& 

^!g«EA5<5^'r3^-KD i®7'y-K®ffia{3:in5o -r 

A^sgAb^ oyT'yirc KDm^fSizxtjmEEv xi^Ji 
t)^i5v^«EAsai31f s. c:©a >7^>-y CI ©sg^p^s 
E*«=i>M-^[pig§i a®ai;tjSEi:bTifiJ?Ug?il^$ti 
fc^^:i->y h 3 hiStitR 1 

h 3 ®&^^yi' :^ — h' L E D i i~LED 

X r.izmmifimn. ^m^ift^-f led ^ i~le 

[0 0 0 51 C:c:T-E17®[aES-C{±^ ^Mti«ii§EAl 



3 

(Dm 1 (DxtimiiMmmE.mw x- » * S:^- u-c > k 

T^^S. c:®fc«)E7©liS§cZ)3>>'N-— ^J'la^l att. 

ffiStR 1 cDJs^H«ffii:aiPSE V r - * t^mm u < 

mm^^it:^-^. ■eo£B:^€ET-ife5:3>7^>1tC ICQ 

<D\^. t&tfiR 1 sssnsmmi sts (v^ - */ 

R 1 ) T— ^fc^dtSo ^3fe^->v h SttStrtR 1 {Cig?iJ 

LED 1 x.(iS«ii!t(CTiEI!;$nscii:{c^So 
[0 0 0 6] j^^oDi^Jc. ^^ir^ YizmmiM 

a ® ttJ;<3«ffi® ffi«Efb E S i: isf $ S , 

[0 0 0 7] nffl©fsy6^j^^':t- v^mmmmi. 

. fe^Tt^-T^r-KJiJ^m^iJEBb, h 3 

K3»J{Ctt. ^n^n«mRl~Rm7!)Sifi?iJ{Cg!«|$n 

ED 1 ntmfiR 1 i:©g!Mj^A^=J>>'^-^lHlKl a© 
PMiftSSE A 1 ©^ 2 ©A;bffi!|{cg^i^$ns ^ i: 

[0 0 0 8] 

inlR 1 i:{c<t ffi^)a:filfig-e^3fe^'f :t- K©^««E 

IKIbSrHSbTV^So t:i^X\ miX-lt. nyj^—^ 
EISSl a*s;^i' -j'J-yi/l'^D.\/—^(D^i«§ttt.-oX^^ 

^{cJ±;'^Til^&©^a^ttiSv^'&©©, ^(oy -( — Yf^v 
^umwmhT.^ ^y^y'!/mi'^(Dmmvimm\^x. ihti 
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ifi^ b> sEo u 7">»ut:^oTfsjte^^ >v b 3 smn 

[0 0 0 9] ^figife^'r;t-K^?0^ga«©M;^ 
lRlOE©Kf>o§{i, #fI«^^^Oit^14fit©Ke.o§ 
©(ft-*»g*.:*:§v>gBJStig-rs, c©fe«). 08 Kg^ 

J;ai:b;tig-&. K L E D i x~LED 

x«x.®)iM;^[Rl«Efl©tf ?.-C5glcJ;-3T. ^l*»c>^m 
10 ®S'^3te^-f :t- H?iJ®J«JS®M?JlSl«E®-&ltfit{C 

*^^^m3?fj®^^3fc<?"^3)-- K?iJS:jiSni)a^®fi$ii^ 

RmO§igm«S:|5l-lciS;^b, A^o, ^n%<D%^ir 

^3^-^•©it5lJlSSlBll:'^cb•r*)^ ^i5<jA»&^m3aj® 
[0 0 10] cniciox.. JSfflSjgw^fb^iftcioT 

^*y'f:r-KLED X i~LED^x.®M*|qimE® 

*s*3t5©l&^fi£A^e.^<bbTbS^. 5&:i^©PtgS*)feo 

fc. ^c:-e*«B^tt> fS?fe^'f:t-Ftc3f«bfem«t;& 

l(Slt-Ci:Ast.§, b4^*)^®a^Lffl$:IEeiA-ogM(z|g; 
[0 0 11] 

mM^m^t^tzisb(D^m\ ±tmm^m^-t^fztb 

®*^B^t: ct ^.j^^THKiis < i: 1 -dcd^^ST^ 

*5V^-C^ ^?16^-«V ht^bTie5>JJCg!l^$tlS^mm 

UgSfc. S«Mlill?S®iS^F^aEA5-^{3:fe5i5fcB±i 

[0 0 12] c::T-«f*:e<)t:tt, SiPtiSi:. SM^fc^ 
®±«»itSSA^i«?'Jl^jS^$nfc^ 1 ® ^ Vi^;^^ 

40 h7>i;;^^®SiJjBiJS^^t:^oSiJffli*S^3!)Sg|i^$n)fe^ 

2® ^^>i?::^^i:^cio■r^m«tllIS&S:#l^!!4■f-5, ^ 

:^^5'i:^ ^^fe^-";/ hS:8Six.5«iStCi;SbT^3® 
> i^;^ ^S' ®3?iH^® S^Jffil-r S PHiiUSi: tc J: o 

lStlsli^®iS^P^«ESv ^«M[BlS&A^m^®fit®S«tS: 

bT^Tc i:®T- 1 u- V 3 yms.vx±<Dm 

[0 0 13] 
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5 <t ^ U**^?. ie«i«:t; 

yi^:^9\zi.'oX'^mmM^-^mm-r^^(DiL-r^<, =i 
[0014] m(Dms&mmxiii.s ^ 3 © h ^ > ^^t; ^ 

S© 2 r3SSA;'3fJl©o -^©^ 1 ®A;^iHllSH!iiBffitn;© 
S 2 ©A;'jil{iH;il3«ln;©^ Z(OY^yi^7.^ h\iMm 

x'&mmm^'km^-t^hcDiit^c. ^v^^-^m^tc 

[0015] $ \Z^Hcomm<DmmX-it. n x m{i©#6 
»t.tifcm<a©fg3fe^'r:d--K5iJ*^?iJfciE«U I63fc 

K i:©F^{cmiiitaSi:^ 1 © N ^ > ^ ©^aSKSS^feiS 

u lB*y'f2^-^•?rlJi:l^»®m^l©^2® hv>i;;^ 
^©^,n^n©$ij«?S:}ti^-r s, z<DmwMtmi 

®h-5>i^:^^. mfll©^2© h5>i';^^{Cj;o-C^ 
S^[HlS§$:«^-rs. hi:^mgSlHli^©. ^ 

s«-i-5oig:?ij{cg^if^b. :ia bTf#f>ntmfla©^3fe 

-^(lI!g©tli;fj1^i±JSS? ^&Rif^©%^fey'f KJiJi:^ 
2 © h ^ > ^ ©Sig^tcgfi^r 5 . 
[0 0 16] 

m mum m^ifi^ i: t t, »sa«sit® t&^fi A^^^b u jfe 
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{d, ■e®«Eo$^YbtJ:oTSiJ*a«j{c:mmo$^<bK: 
5 iI»ES:^®««&¥ © i: Siffi*^t)« S ci i: C » 

So EIUic:©a5^^XS-:3<;SjtTlelgS*^L/Ti^ 
5. 0 1 «CS^1-;S;):TlllS&tts ffiiS©^^^'r 3^- K L E 
D 1 i~LED X „A^e)'5:?)^^^->y h 3t^Lt^ 
««ElfllBS 2 U> i®^3fea-r: h 3 i:^@«tlHllES 

2©iS?iJ[pISS{c^bTn >^N--^lBlSS 1 ©tH±;JS?OU 
T^gE^-rs. h3i:SaSitlslg§2©g^i(^/^ 
10 ^r3>-'>--^ilS&l©tti:>j^tliJg^^FB{Cg!SlU. ri> 

A-iJ' mis 1 omiSJsg? V c c t »'iig^ g n d & 

[00171 W±©J;a JfeE 1 ©;S;lCr[ll^T•^i^ :JfeTs 
n y/^-Sf ESS 1 is^miSlHlK 2 ®iS^ ra«E*s-«lc 

J:d(cai:^«ff$:«iJ»-rSo ^mi«i[lSS2tt. 'J 
r;i/{c<ts^li;As^'>«?.fe©©. ^^^b^nfeSff® 

20 ^^3^^^^" 5^— KLED X i~LED 

2 SrSiS-r i {i^«^[lS& 2 ©rtgi5©« 
M$^{bf^ffltJ;»3-^©flS{c#i#$tL5, C©fc«>^ 

{c^t'^rn>y^•— ^[ii^i©tti^j«E©>j >^r;i/-^JiH 

iBa©«^ S: a i: ^ if S »t V ^ t» © i: ^ S . 
[ 0 0 1 8 ] la 2 a:*«W®;^Ul:Tiai^®^ 1 O^JE^SHO 
llSS0T-&>3^ Hl®«fcg:*i>)S<*'fbLfc4)®ffe 
•So tti.t>%. ^3-P:d4 )VL1. X-(v^y^V^ 
30 > i^;^ ^J' Q 1. y'f;t-K D 1. rjyT^vt^-C U $J?BI 
IISSD R 1 , MMii*iSE A 1 *<fc Vai|6«EilSV 
x-«*(Ccfc»)^ ia7i:|5)U3>y;-^|H)g&i aS«lB8-r 
So ISfgC©^^^'!' 31-- K L E D 1 x~LED x „*iS 

&t:m.nvimm\.. ^©ej'jjgji^n 

MlalK2 a©^^<■SS:^ =I>>'^■-^5'[s]S&l a©l±J;^t^ttS 
SS?i: b-C©^Mti*iSE A 1 (D% 2 ©A>3tiK:S«7S1- 
40 So 

[0 0 19] C^T-^«MlHlS&2 a(CoV'>T{iJ-:iLT©J: 
a^d:(n]!^«imi:1-So |g»«£E©«i^;^ (Ve>) ^mM 
iSCS 1 Sr^n-bTNPNMO N^>i^;^^Q 2©3U^ 

^mt^o v'pyi^7.^Qi2(D-:iy^^. 

;^^Q 3©^— ;^i£gEiB|-rSo b^VS/'J^^'Q 3©:t^ 
'^'iJ'^fe^^^V KtCglJ^b, h7>i^;^iJ'Q30ai/^^ 
h 3t:g?M-rs. C®J:aJ5:flifiK®[aKT? 
50 :3 Wt—i^lalS&l a*si&#b^ n>7^>1tC 1®^ 
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[0 0 2 0] ^««IH]^2 atth7>i':^^5'Q2 i:Q3 

tt^ b^>i^;^^Q2®i«S!tESSajl-rsil«ii:^ h 
^ >i?>^^ Q 2 i: Q 3 ®:t ^ «;/^H«tfctcioTj*«^ 
h^yi^^^Q2 tQ3(D:^V> h 

^i:•]^#^i»IV^o bfcA^^T. i^^^--;/ h 3*^fiS^t- 
S#fl^y^' KLED 1 i~LED 1 h^y 

[ 0 0 2 1 ] 0 3 {CttJjs^^CD^^ikTEIf&O^ 2 co||ffl60!l 
OBIi^ESr^bfc, ia2{c^1-15]S&T-iix nOi^T©^ 
^fctT'T K L E D i i~LED i SKJ^J^^ U^ 
3fej3.-^y h 3&«J5gbTl^fco Clfl{C)lsfbTE3CDi]K 
T•{i^ nxmffiKO^JtiT'f 2I-— HLED 1 i~LED 

*«lfi!^b■rv^S. w®<to !&«J5gCD*3fcJ^= h 3 a «C 
?<fiSJ-rSfc». ia3CDilSS-c-(±^ fgl!?«EE®«ti|&;iS (V 

d) t:gEi^$nfc«^^sc s 1 nmrnc s i jc-^-cd 

g!3^$nfem<@0 h^>S^;^^J'Q 1 l~Qlm{Cj;oT 
^SiSHK 2 b i^fiS; b T V ^ 5 o 

[0 0 2 2] bT. ^J^«^ 1 ?'JB®f6ifc^'r :t- K 
JiJ (LED 1 i~LED 1 X.) {CJih^i'il^P^^J'Q 1 1 

®^mii!E]ss*g!i^-rsx m2mE<Dm^^-(*-\'m 

(LED2i~LED2„) {c:(ih5>i;:^;5'Q12® 
«IJSlHlS&2b®h7>i?;^iJ'Q 1 1~Q lm®iS|lSSS 

c 1 izmnzmmt^. ^ i?'ji®^^yi';t- k^j 

(LED 1 i~LED 1 t h^>i;::^^Q 1 1 ®i 
mm^(Dmm}^i. n>;N--^|pI8Sl ai*){c|§:»t6.n)t 
^^iftS^E A 1 OtB^t^tBiffi^i: bT®^ 2 ® A;'j<Ra 

&4b\ n>>'t-^i5i^i a®fi|fi£(i0 2> 
E7®iaKi:lRl-i:1-5o 

[0 0 2 3] ::oJ;d5&E3®i]gS-eH:> ^SM111S&2 
h(D\-^'>if7.^Q 1 0 t.h^yi^T.i'Ql l~Qlni 
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Q 1 1~Q lm®&iSgKKCtt*U> h^^-IM^Jc 

K3 a^filfigrs® l*^e>^m®^^^^^'r;t-K??iJ 
tfe*lx> h 5 7-i^J#{cJ:i,S^ig®ig^^m^fi^*s^iK 
n, ^^it^'f 3r- K L E D 1 x~LED,„x.tt^m^ 

mm^iM>o /l?^■^-'^t!»s®IB®ff-e*^e'^Tv^5J: 

^^^fe^-f ;t- K L E D 1 i~LED™„®|li* 
[Rl«EfiS®«C>o$tC<to-r^ 1 *-^.^ni®^^?fc<5^l' 

10 3i--K5^ij®jiB:;^(p]«jE®-&tt«AiA^>5;?)«5&oTbSd 

[0 0 2 4] bA^b*b> h ^5-i]lK^riJV^T(i, ^ 

2<DVz>yi?7.iro^nmm^mfi^m.m\t. ^li:^ 

2® h7>i^;^^®j:^ \y^®«®Jt*i:^ 

ssisn5SM®;*;g$t<toTse?*^$n5, cici 

T\ 03^)3® b5>i^:^;5'Q 1 0*s^l®h^>i;;^ 
^'^ h^>i^;^tJ'Q 1 1~Q 1 m:J)Sg2® h^ViJ::^^ 
tcffl^-rs. c:®fc«). =&b5>2;>C4'Q 1 1~Q Im 

20 ®ifea85s&^i:ajgt-5*n^n®«8g®tt{i. 

§^t3fcV^, -eO^S. Jf- K L E D i x~L 

ED™„®|lH;&r^m£Efii{CKe>OtA5*oT*v 

1 0~Q lmi:mmi[CS lOK^iJj^-e. § 

^ti^^f Sffifcia^-r 2> d i: *5 Utg i: Jfe 5 o 
[0 0 2 5] St, t«*®|li^T-{i. -&®m;t»«ji. 1- 
J5:t)*.3>7^>-tJ-C l®Sig?HSE^£S^^bb. F^gEfi<] 
ic, ^lA»e>^m®#SS*4^'f:t-F?iJ*aji-r5««t 
©S^fbSEoTV^fe. C®ctd'5;F^}tS<3'5:«M®$S 
30 ^bT-tt> 7-^-^V^--y^>$lJ®AS:fe$^^-CV^J&V'.||l^lJg 

j.:;^®&^5ty'('2»--K?ij4aji-rs«iS®«*^> 

>t^'f;t-KLED 1 x~LED„>..®|li:&|SimE®^ 

fb(c#oT^t)-DTbSa, i:v>-5F^M*s$>ofc. b*^ 
bl213®[lggT-tt. ^ 1 d^?,^m®§^ite^^':t-K^J 
^aiif SSiiit®S^^b{iv ^^^y^:ir-Ym^m.¥\ 
tSSi^^nfeh^^i^X^J'Q 1 l~Qlm®*l/>b^ 

)^ffl©S®^^bicio-^:#^7ty^3^-KLED 1 i~ 

LED.„r.®Jli;5[piaEfi3!)S^<bbT*.> 
40 ^®JffiIi)S^c$n■C^^^:v^^ 1 5>JgW>l-®^SI>ty'f :t- 
K ?U ^aia-r S m«5®fifi*s^{bt- S i: V > a d i: tt}RI< 

^ o 

[0 0 2 6] 35;4b\ 03®iafiST-tt> n>n-^|3gSl 
a®7'f-K>'^«;»^$iJffll{±x ^S«t[51SS2b®«|ii^^ra« 

<D^mm.Mm 2 b ®ig?H«ffi <£S^^b^S 3 J: ?) 
^SMEISS 2 b -eo* U > h ^ 7-«rf'^4sa{J-^®« 

50 -f K?'J®3?iJS®W:5lRl«£E®^ltfit4s^^b bfcS^ 
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«C i>^mm\3i^ 2 b (Dmi¥ii&^^i^^ ;t- H L E D 

^ifimmr?>ifi. Ei2CDiiss*)c:n{ciaiL>T'S& 

So 

[0 0 2 7] H 4iz{i^^m(Dmmm(Dm 3 cDnm^aj 

O|5IE&0<S:^^NU;t:o COS 4 {C^x-TIelKtt, 5^3— {^3 
Dl. n>7^>itCl. SWilSSDRl. ^^tgti^E 

A 1 a^v^mmmmmv x. « * ^ a vy^-^j's^^ i 

bgr^^-rs. tJiH. 02. 0 7cd:3>>'a--^J'|h1^1 a 
T-tt. ^UtitgilE A 1 O^ 1 ©A:fcjfflSa:»ipmE®V 

E14©=i>yN--<5'[HlS§l bf«i> mMti*iSEAl 
O^ 1 ® A;^#J(iSipSiE® V r- « :r UT 3 >7^> 

:3>>'N-— ^[lESl b©IElSSgB^^COV^Tttla2 ^ 6 ©3 
>M-^[5]K1 ai:|5l— T-$.S. 
[0 0 2 8] ^^CD^^y-r 3I-— HLEDi i~LED 

^- >v h 3 {c^«SSt[nl8S 2 c «:iS?iJ{::SM 
1&m^1xtL%^:^=.-j V 3 i:^«i^[HlSS2 cS. 

>.'N--^|alSSl bO^VT^v-y-C l t^'f al-— KD 1® 

^5'{il6^t^-<;' h 3{cgESi-rS, h^Vi^^^J'Q 403 

-^-T^m^mmiy. ci©h^>i^>^yQ4, q 

5*5J;VIISiiilSC S 2 {Ci f)^«SK|5lli&2 c 
5. 

[0 0 2 9] :i01!4 0|E]SS(i. ^Se<]{C. EI2®[pIli& 
(D^^ZL-^y b 3 i:^Si^lsISS2 a®g!^{4g*33|{ct- 

-'^-^J'lsIiiSl bO^-r-KM-^^fgiJWi. ^«SiE[sl!S2 

c (Dm^m^E.^ti u>hi 7— laisotj-f^u— J/ a > 

H4©|pl^ttE2©|5]SS(;tt'^T^^^z:.> h 3 

So 

[ 0 0 3 0 ] E 5 ttt*^w®;^ii8so^ 4 (Dmmm 

(Om^M^mLtz, 4-*-C-|ftB8Ufeia2i>&04©4'{C 
S^N^fflifen Wt-^J'liSS (1 a, 1 b) tt#ffif=-3 >y-/i 
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S©3>A-^©#|jggffeofe, C^^^C5^^UT05©3 
V^t-^^msSl cH:^£E^3«>>'^S©3>>'t-^'©«|j5g 

i:^to■cv^s. •r'Sct)''^, PNPS©;^'r ^y^^v^^h? 

•e©ni/^^$'S5^3— i7 3^';i/L 2©-S^{cg?^1- 
S. 5^3— ^3W;i/L 2©-Jg{cl4. ^y— K4sy^> 

h-fcmil^$nfey'f:t-KD2®*V-K*g!i|^U ^ 
3-^3'f;uL2©flbi!§{c{±. m^As^^^V Ktg^M? 
>7^>-9-C 2 ©-iSi^&g^^-rSo 
10 [0 0 3 1 ] >;'5^>i^h7>i'X;J'Q e©'^— 

MmmmDR2izmmir?>o $(Mi)ssDR2»:$^{c^ 

^ti*ilgEA2©tB:'3fJli:lg|iib. ^Mti*S^EA2® 
2 oi&S A:t;ffly©a *.©^ 1 OA;bfi|i:^^7 > K©F^C 

Vi^^^^'QS, 5^3-i^r3-f;uL2, y-f:*-— KD2. 
n>7^>+^C2. $iJfflI|lKDR2. MStitii§EA2*3 
JiU^ai^S^Eig V ^ » , i D 3 >/-?-^ [USS 1 c Srfil 
fiKf So h 3 il^SlSlHlK 2 a ^fefi^UtCSg^ 

L> ci©it5«jSi^^ftifci63fc^-';/ h 3 t^mmm^2 

20 a&3>7'>1tC2t:Jk^Ut:a£?iJ{cg?M-rSo ^UT. 
^^ji- >y h 3 i:^«IS[aSS2 a©^i^;^^mti*i^ 
E A 2 © 2 ofe s A;f3{il©o *.©^ 2 ©A;bfiy(cig^-r 
So ^il6a.:r>> b 3 i:^«Sit|518& 2 a®«|J6S;H:0 

2©llg&i:|3l-tffcS, 

[0 0 3 2] :i©d:a;fefllJ5Ei:Ufe^5©[alS§J±. i3> 

^^'V h 3^«JE!g-f SfS3fc4^-f 2I--KLED i i~LE 
D 1 «©li:SrlRl«JE©^W-fitJ: D t)H:S4»tiSv^«-&t 
^ffl^ns. zzx\ nv/N-— ^I5]ggi ctt. ;^'r'yf=- 
30 ></b-7>2^;<yQ6AsSiJfflI[5I^DR2*^e>©|gaifi^ 

h^vi';:^^ Q6sai@i,fc>''^;i/;^tt©«MSx 5^3- 
i'rj'r;uL 2 fcy'i'::^-— KD 2i;3>7=>-ttC2{::io 
T^rSbs ifij(it(c^J^-rs. c®B#. =i>7^>-9-C2© 
JS^Kt:^CfcliffS3>y'C-y[IljS&l c©ai^;«Ei: 
bT^5fc^-'V h 3 }i^Mmm^2 atttif&^So 

[0 0 3 3] 02 i:0 5©iaSS{4> ^ti^n^«3iEiass 
2 ai:^ife^^<;/ h 3©i]S&^j5)cAS|5l--c-feSfe4i). S 
«^la]SS2a©»><'^i:f^ffl*,|5)b*)©i:>5:So Ltzifi-o 
40 ia5®[aSS{Ci3V>T*>^3t^-^y h ssfflisrsm 
^ffi©^^^b{4^«Sil[iI!^2 a®*V> h ^ ^-mi'^lZi. 
oTfTt)nSo Sfcv H5©=i>>'^— ^HISS 1 c©7'< 

-h-n^^mma. ^SifitiHiK2 a©sg?HmEs*i/ 
> h 5 7— iis&®i*-^ 3 >«ffiti±®fiif$«<b 
■r S » IC ff t) n S i: S , 
[0 0 3 4] 0 6 tc:{4*^B^®;^jtTlHlES®^ 5 (Dm&m 

(Dmrnm^mLTz, 0 2A^e,®6©&[5]s&T-tt. 

iat:?>fbT0 5®llSS-ei±s ^^ti^ggEA3;&fiefflL 

50 x^mmm^2dt:mmLx\,^&o ir-^t>*>. 
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I/, ^ 2 £DA*{M*»ipmE© V r » * 2 Strt- bt i5^7 
>K{;S*Sf5. C©h^>i^;^^Q7^ ffi^RD, M 
^titi^EA3*5J;U«aip«E©Vr«ir ati?), ^ 
SSitlHlS&2 dSfllfig-rSo '^::^5^ 3>^'?-^(5lS&l ai: 10 
fSjtea - h 3 {co^,^Tttl2l 2 CDHESi: IrI 

So 

[0 0 3 5] :i(DJ:^3&:«fi!(;i:Lfe0 6®|n]Sg®:®-&. 
^««S(aI6S2d®F«3gPfa:> ffiiaRDOSg^P^SBEASf^ 

^MJi*s^EA3i:b7>i^'y^^Q7Asiti#l-5. 

T% ffifeT;RD©iSg^F^S£EAS(iiS*itS«ESVr « :P a 

cntcj;?), ffilitRD. h ^ >i^;^^ Q 7 ©iS 20 
nm.h-'^h.fA^ . S-^^^-T K L E D X i~LE 
y?-^ [5]SS 1 a ® 7 - hVN- ^ S T- ©ta^ 

2 d t^W& b feibf^ $:fT a ^ i: qltg55:-y-^ V-ly^y 
[0 0 3 6] w±©IIM^s'j©i;iB^T-{i^ n yn-^m^ 
Sffl^bfc, b*^U> i^Vy'?— ^[llSSir h7>;^tcfcS 30 

^JfigSEAU EA2iCf^xTcc7-n>>'1l/-^^ 

ffifflbfcn^y^-ij^iBigs, fe5v^tt@ii&sc;o3>>'^-^ 

ilSS<&«:ifffifflb-C*^fc5a:l>, 02. 3, 4. 5®il 
IST-tt. ^«tiK|5]gS$r, ^l©h7>i^^^ (Q2. Q 
4. Q10)©:3U^^'. ^-;^P^S^Mb 
W35:*U> h^7-[5|8&t:<toT^J5KbTV>S*5x >i7-f 

t-S b5>i^>^^{c>'W4^-^§Jj.:J.^t© h^>i/;^^, 
M<*:a<]{C{iMOSFETiP. S^ffl bTt»fll^^&V^. 

[0 0 3 71 02. 3. 5t*jv>t:. ^mMmss (2 

a, 2 b) *ffij5E1-?.«M©CS l©-}S{i|gl&Sj!S^ 

(2 a. 2 b) b (3. 3 a) ©gE 

^jS©ajE(CiSv\S«Jg*sWe)n5i®-&. SMiiCSl 

^/^Ttt^ ^«8giIK2 d{CpMti*i^^ffll>fee*)a* 50 
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s<]^c^ll^(slsss:ffifflb•cv^s. bjtpb. iag#tt^if 

«bfcfl^®0*0«:i;. ^®[lBS«lfi)i*iEI6fc||35:ofc 

^M^i^HilS©^a^lS[5]Sg^&Mfflb■r^)av^. HJlsi^i: 
bT?NbfeIi5»©^Jgtt. *^HJOSeS^MbJS^v^ffi 

[0 0 3 8] 

S&©il?iJ[Hl£&{cWb-C. ^^^'^-^Iflli^)!)-?,. ^aSKBl 
K©l|g?^Bgmffi36*-S{C«: S J; -5 m;bmBE**iJ» bJ&tf 

e.iSi^a;^?&#t,^&-rs«J5KS:1^6Si:b-CV^5o '®J:o 

Jk^fiXCitis. ^s«JEiS;t-s#^^^-1'3l- 
-^[gg&ti. ^iiiiit[§gs©js^r^sffi^. ^©^s»?E[5] 

SSA^SS b T »J<^^ ^ i5 prig's -9- 5^ U — > a >«E 
J.:i±©fflT-S^ft:b. A;^;«E^«^Jg!il^^nfc^^y 
^ K®lii*Iqimffi©-&tHia®^{bt: J:oT^mS£[i 
liS©l!j<'^i:#^^3.^5/ h®^**tJi*s^S«fb-rs:i 

[0 0 3 9] ^Jte^^-;/ b?&aji-r5«iKtt. iS 

triSffiffl t-Sti&3l5®iI6Stc Jf^-C n >-'^-^J' I51SS®tB;*J 

«Ji®u >v7•;^©]^sS:{^^;^i^Slt^v^•fo®i:3t^So 

^bT. ^Tfey-Tit-F^ lJ^J^fct)nf@ii:?iJjg^b-r 
^nSM^^'Jtc mJiJiEa bT^3te^- h b&® 

^. =s•^3te4^^'3^-^•®)lM;^lpI«ff^il{c{^e,otisfe^ 
tsL^o ;lH^as®^^b^CcfcoTS■^^t^^'1'2^-^• 

©iRf^tfittf^^bbtt), 7'f-hv-?-/^$iJffli*s;5:$n-r 

^®^iAs^^b■r5i:l^^c:i:^)M<'&2)o ilfeoT. 
Raf::J;njS> ^^y-f :t- Kt^^bfcSiS^Bit-rci: 
is-?t. bA»t)*®mS5fi*iESSiPO§gt:iaS-e§5 

[SB®®#>5;iifl^] 

[01] *^W®a*«l:^(^a^ < ;S!>:T[aS§®7'D >y 
[0 2] *#SWtJ:S;S*TIi»©^lO|IJE0y®IoIK 

0o 

[0 3] *^^{Cj;Sj^ilG"[HlE&©^2©||Jfi^J®IlK 
0. 

[04] 5|s:#S?8t:J:S;S*TlilK®^3®||JS««®|518S 

0o 

[0 5] *^BJC<tSjiS;(:T[iIK®^4®||ite0iJ®lslSS 
0. 

[0 6] 3|s^W{cJ;5;^*TlalSS©^5®^fi»J®|5iSS 

0c 

[0 7] mk(o-m<D^^m^(Dm^mo 
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1 : uvy-i— ^ISK 1 a~ 1 c : nvv-t— tJ'ElK 

imi^mm 2 : ^s^nm 2 a-^ 2 d : 
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^rnmiM^ (ftfltUlK) 3. 3a: ^^Jl-^ h 

C S 1 , C S 2 : mum Q 2 . Q 1 0 : h 
'^>y^i^ imi(Dh7>i^Xi') Q3, Ql 1 

~Qlm: (M2<DY=?y^J::^^) 
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[0 5] 



[0 6] 
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[07] 



[0 8] 
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70> h'^-i'O^g 

F^-A(##) 3K073 AA12 AA25 AA75 BA09 CG02 

CJ17 

5C080 AA07 BB03 CC07 DD20 DD30 
FF03 FF08 HH14 JJ03 KKS2 
SF041 BE 10 BB23 BB24 BB26 B632 
5H730 AA02 AA14 AS02 BB14 DD02 
DD21 DD26 EE18 FD31 FF15 
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